Based on the alternating group strategies, a new high accurate Alternating Group 8-point scheme 
Introduction
In many fields of natural science, many phenomena are described by diffusion equation, such as chemical diffusion, biochemistry and certain biological process etc. So the solution of the diffusion equation is one of the most classic problem in the numerical approximation of partial differential equations. Among modern numerical methods, the finite difference method is the most classic one. With the parallel computer's birth and development, some disadvantages appear in different means. For example, explicit scheme is easy to implement and suit for parallel computing, but for stability constraints, it requires small time steps. Implicit scheme is absolutely stable, but for computing slowly unsteady problems, it needs to march with large time steps.
For numerically solving heat equations on parallel computers, two kinds of finite difference methods are constructed. One is the alternating method (see [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] ). The method uses alternately the explicit scheme and implicit scheme in the time and space direction, which can implement the parallel computation and is unconditionally stable; the other is the domain decomposition method (see [11] [12] ). In the further research of the alternating method, D. J. Evans introduces the Alternating Group Explicit (AGE) method in [1] [2] for solving the parabolic equation. Based on the works of Evans, B. L. Zhang develops the Alternating Segment Explicit-Implicit (ASEI) method and the Alternating Segment Crank-Nicolson (ASCN) method ( [3] [4] ). After that the study of the AGE scheme has been introduced into solving the hyperbolic equation and the dispersive equation respectively in [4] and [9] . All these methods are all unconditionally stable, and in space direction, their truncation errors are all nearly second order. Recently, S. Zhu develops a higher order truncation error approximately, which results from the use of asymmetric three-level approximations ( [13] ).
In this paper we design a new alternating group scheme with the truncation error of higher order by using asymmetric two-level approximations for the following diffusion problem with periodic solution. The scheme has fourth order accuracy, being unconditionally stable and naturally parallel.
with the initial condition
and the boundary condition 
In order to increase the order of error in spatial, we introduce the following fourthorder difference scheme 
, we use the schemes 8 1~A
A
, and we rewrite the formulae in the following matrix form:
, where 
P is a non-negative definite symmetric matrix as follows: 
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m is a positive integer. So we divide the mesh points A for the eight points respectively in every group.
  , considering the periodic property of boundary condition, we can obtain:
But for the 2  n time level, we can obtain the matrix equation as follows by the same processing method:
So we get the complete scheme as follows, namely the Alternating Group 8-points scheme(AG-8p). 
Stability and Truncation Error Analyses
With the lemma of Kellogg (see [14] ), we can give the stability analysis of the presented algorithm, that is:
Now eliminating 
In addition, through further analysis we see also that formulae 1 C and 5 C are symmetric about the axis that is the vertical line of t cons x tan  , and the signs of the first two terms of formulae 1 C and 5 C of their truncation errors are opposite, and the errors can be eliminated partly. Similarly, formulae 2
C and 6 C , 3 C and 7 C , 4 C and 8 C have the same property as 1 C and 5 C .
Thus the accuracy of the schemes has been increased.
Numerical Experiments
We perform the numerical experiments using the following diffusion equation:
The exact solution is: . From the tables, it is clear that the AG-8p scheme has a ratio that is nearly fourth order in space, but the AGE [1] and AGE 4-p [8] have a ratio of nearly second order. In terms of errors at different times and mesh paraments, we have compared these numerical methods. Table 3 and 4 give the absolute errors ( ae ) and the relative errors ( re ) of numerical solutions. It is obvious that the AG-8p scheme is more accurate than both the AGE method and the AGE 4-p method. From Table 4 and Fig 1, we also see the AG-8p method always has better accuracy than the other two methods for large step size in time ( 
Conclusions
In this paper, we first construct a group of high-order unsymmetrical schemes 8 1~A A based on the idea of the alternating group method. Next we propose a new alternating group method, whose ratio of convergence is of order 4 in space. The results of our numerical experiments show that the present AG-8p method is efficient and accurate. The method of the AG-8p also can be applied to other partial differential equations.
